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Abstract
In this article, we study the vertexes Ω∗QΩQφ with the light-cone QCD sum rules,
then assume the vector meson dominance of the intermediate φ(1020), and calculate
the radiative decays Ω∗Q → ΩQγ.
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1 Introduction
In 2006, the BaBar collaboration reported the first observation of the 32
+
baryon Ω∗c in
the radiative decay Ω∗c → Ωcγ, where the 12
+
baryon Ωc was reconstructed in decays to
the final states Ω−π+, Ω−π+π0, Ω−π+π−π+ and Ξ−K−π+π+ [1]. The Ω∗c lies about
70.8 ± 1.0 ± 1.1MeV above the Ωc, and is the last singly-charm baryon with zero orbital
momentum observed experimentally [2]. In 2008, the D0 collaboration reported the first
observation of the doubly strange baryon Ω−b in the decay channel Ω
−
b → J/ψ Ω− (with
J/ψ → µ+µ− and Ω− → ΛK− → pπ−K−) in pp¯ collisions at √s = 1.96 TeV [3]. The
experimental value MΩ−
b
= 6.165 ± 0.010 ± 0.013 GeV is about 0.1GeV larger than the
existing theoretical calculations (see Ref. [4] for a short review on the relevant literatures);
however, the CDF collaboration did not confirm the measured mass [5], i.e. they observed
the mass of the Ω−b is about 6.0544 ± 0.0068 ± 0.0009GeV, which is consistent with the
existing theoretical calculations.
By now, the 12
+
antitriplet states (Λ+c , Ξ
+
c ,Ξ
0
c), and the
1
2
+
and 32
+
sextet states
(Ωc,Σc,Ξ
′
c) and (Ω
∗
c ,Σ
∗
c ,Ξ
′∗
c ) have been well established; while the corresponding S-wave
bottom baryons are far from complete, only the Λb, Σb, Σ
∗
b , Ξb, Ωb have been observed [6].
Those heavy baryons are particularly interesting for studying dynamics of the light quarks
in the presence of a heavy quark. In the heavy quark limit, the three light quarks form
an SU(3) flavor triplet, 3× 3 = 3¯+ 6, two light quarks can form diquarks of a symmetric
sextet and an antisymmetric antitriplet [7, 8].
The light-cone QCD sum rules are a powerful theoretical tool in studying the ground
state heavy baryons, they carry out the operator product expansion near the light-cone
x2 ≈ 0 instead of the short distance x ≈ 0, while the nonperturbative hadronic ma-
trix elements are parameterized by the light-cone distribution amplitudes instead of the
vacuum condensates [9, 10, 11]. The nonperturbative parameters in the light-cone distri-
bution amplitudes are calculated with the conventional QCD sum rules and the values are
universal.
In Ref.[12], we assume the charm mesons Ds0(2317) and Ds1(2460) with the spin-
parity 0+ and 1+ respectively are the conventional cs¯ states, and calculate the strong
coupling constants 〈D∗sφ|Ds0〉 and〈Dsφ|Ds1〉 with the light-cone QCD sum rules, then
1E-mail,wangzgyiti@yahoo.com.cn.
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take the vector meson dominance of the intermediate φ(1020), study the radiative decays
Ds0 → D∗sγ and Ds1 → Dsγ. In previous works [4, 13] (see also Refs.[14, 15]), we have
calculated the masses and the pole residues of the 12
+
heavy baryons ΩQ and the
3
2
+
heavy
baryons Ω∗Q with the QCD sum rules. In this article, we extend our previous works to study
the vertexes Ω∗QΩQφ with the light-cone QCD sum rules
2, then assume the vector meson
dominance of the intermediate φ(1020), and calculate the radiative decays Ω∗Q → ΩQγ. In
Ref.[16], Aliev et al study the radiative decays Σ∗Q → ΣQγ, Ξ∗Q → ΞQγ and Σ∗Q → ΛQγ
with the light cone QCD sum rules.
There have been many works dealing with the strong coupling constants of the pseu-
doscalar (scalar) octet mesons and vector nonet mesons with the baryons. The ρNN , ρΣΣ,
ρΞΞ and other strong coupling constants of the nonet vector mesons with the octet baryons
have been calculated using the light cone QCD sum rules [17, 18, 19]. In Refs.[20, 21],
Aliev et al study the strong coupling constants of the pseudoscalar octet mesons with the
octet (and decuplet) baryons comprehensively. In Refs.[22, 23], we study the strong decays
∆++ → pπ, Σ∗ → Σπ and Σ∗ → Λπ using the light-cone QCD sum rules. Moreover, the
coupling constants of the vector mesons ρ and ω with the baryons are studied with the
external field QCD sum rules [24].
The article is arranged as: in Section 2, we derive the strong coupling constants g1,
g2 and g3 of the vertexes Ω
∗
QΩQφ with the light-cone QCD sum rules; in Section 3, the
numerical result and discussion; and Section 4 is reserved for conclusion.
2 The vertexes Ω∗QΩQφ with light-cone QCD sum rules
We parameterize the vertexes Ω∗QΩQφ with three tensor structures due to Lorentz invari-
ance and introduce three strong coupling constants g1, g2 and g3 [25],
〈ΩQ(p+ q)|Ω∗Q(p)φ(q)〉 = U(p+ q) [g1(qµ 6ǫ− ǫµ 6q)γ5 + g2(P · ǫqµ − P · qǫµ)γ5
+g3(q · ǫqµ − q2ǫµ)γ5
]
Uµ(p)
= ǫµU(p + q)Γ
µνUν(p) , (1)
where the U(p) and Uµ(p) are the Dirac spinors of the heavy baryons ΩQ and Ω
∗
Q respec-
tively, the ǫµ is the polarization vector of the meson φ(1020), and P =
2p+q
2 .
In the following, we write down the two-point correlation function Πµ(p, q),
Πµ(p, q) = i
∫
d4x e−ip·x 〈0|T {J(0)J¯µ(x)} |φ(q)〉 , (2)
J(x) = ǫijksTi (x)Cγµsj(x)γ5γ
µQk(x) ,
Jµ(x) = ǫ
ijksTi (x)Cγµsj(x)Qk(x) , (3)
where Q = c and b, the i, j, k are color indexes, the Ioffe type heavy baryon currents J(x)
and Jµ(x) interpolate the
1
2
+
baryons ΩQ and the
3
2
+
baryons Ω∗Q respectively [4, 13], the
external vector state φ(1020) has the four momentum qµ with q
2 =M2φ .
2The results of the strong coupling constants among the nonet vector mesons, the octet baryons and
the decuplet baryons will be presented elsewhere.
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Basing on the quark-hadron duality [26, 27], we can insert a complete set of interme-
diate hadronic states with the same quantum numbers as the current operators J(x) and
Jµ(x) into the correlation function Πµ(p, q) to obtain the hadronic representation. After
isolating the ground state contributions from the pole terms of the baryons ΩQ and Ω
∗
Q,
we get the following result,
Πµ(p, q) =
〈0|J(0)|ΩQ(q + p)〉〈ΩQ(q + p)|Ω∗Q(p)φ(q)〉〈Ω∗Q(p)|J¯µ(0)|0〉[
M2ΩQ − (q + p)2
] [
M2Ω∗
Q
− p2
] + · · ·
=
λΩQλΩ∗Q[
M2ΩQ − (q + p)2
] [
M2Ω∗
Q
− p2
] {g1 [MΩQ +MΩ∗Q] 6ǫ 6pγ5qµ
−g1
[
MΩQ +MΩ∗Q
]
6q 6pγ5ǫµ + g2 6q 6pγ5p · ǫqµ − g2 6q 6pγ5q · pǫµ
−g2
2
6q 6pγ5q2ǫµ − g3 6q 6pγ5q2ǫµ + · · ·
}
+ · · · , (4)
where the following definitions have been used,
〈0|J(0)|ΩQ(p)〉 = λΩQU(p, s) ,
〈0|Jµ(0)|Ω∗Q(p)〉 = λΩ∗QUµ(p, s) ,∑
s
U(p, s)U (p, s) = 6p+MΩQ ,
∑
s
Uµ(p, s)U ν(p, s) = −(6p+MΩ∗
Q
)
(
gµν − γµγν
3
− 2pµpν
3M2Ω∗
Q
+
pµγν − pνγµ
3MΩ∗
Q
)
. (5)
The current Jµ(x) couples not only to the spin-parity J
P = 32
+
states, but also to the
spin-parity JP = 12
−
states. For a generic 12
−
resonance Ω˜∗Q ,
〈0|Jµ(0)|Ω˜∗Q(p)〉 = λ∗(γµ − 4
pµ
M∗
)U∗(p, s) , (6)
where λ∗ is the pole residue and M∗ is the mass. The spinor U
∗(p, s) satisfies the usual
Dirac equation (6p−M∗)U∗(p) = 0. If we choose the tensor structures 6ǫ 6pγ5qµ, 6q 6pγ5p · ǫqµ,
6q 6pγ5ǫµ, the baryon Ω˜∗Q has no contamination.
In the following, we briefly outline the operator product expansion for the correlation
function Πµ(p, q) in perturbative QCD theory. The calculations are performed at the large
space-like momentum regions (q + p)2 ≪ 0 and p2 ≪ 0, which correspond to the small
light-cone distance x2 ≈ 0 required by the validity of the operator product expansion
approach. We write down the ”full” propagator of a massive quark in the presence of the
3
quark and gluon condensates firstly [9, 27],
Sij(x) =
iδij 6x
2π2x4
− δijms
4π2x2
− δij
12
〈s¯s〉+ iδij
48
ms〈s¯s〉 6x− δijx
2
192
〈s¯gsσGs〉
+
iδijx
2
1152
ms〈s¯gsσGs〉 6x− i
16π2x2
∫ 1
0
dvGijµν(vx) [(1− v) 6xσµν + vσµν 6x] + · · · ,
SijQ(x) =
i
(2π)4
∫
d4ke−ik·x
{
δij
6k −mQ −
gsG
αβ
ij
4
σαβ(6k +mQ) + (6k +mQ)σαβ
(k2 −m2Q)2
+
π2
3
〈αsGG
π
〉δijmQ k
2 +mQ 6k
(k2 −m2Q)4
+ · · ·
}
, (7)
where 〈s¯gsσGs〉 = 〈s¯gsσαβGαβs〉 and 〈αsGGpi 〉 = 〈
αsGαβG
αβ
pi 〉, then contract the quark fields
in the correlation function Πµ(p, q) with Wick theorem, and obtain the result:
Πµ(p, q) = 2iǫ
ijkǫi
′j′k′
∫
d4xe−ip·x{
γ5γ
αSkk
′
Q (−x)Tr
[
γα〈0|sj(0)s¯j′(x)|φ(q)〉γµCSTii′(−x)C
]
+γ5γ
αSkk
′
Q (−x)Tr
[
γαSjj′(−x)γµC〈0|si(0)s¯i′(x)|φ(q)〉TC
]}
. (8)
Perform the following Fierz re-ordering to extract the contributions from the two-particle
and three-particle φ-meson light-cone distribution amplitudes respectively,
saα(0)s¯
b
β(x) = −
1
12
δabδαβ s¯(x)s(0) − 1
12
δab(γ
µ)αβ s¯(x)γµs(0)
− 1
24
δab(σ
µν)αβ s¯(x)σµνs(0)
+
1
12
δab(γ
µγ5)αβ s¯(x)γµγ5s(0)
+
1
12
δab(iγ5)αβ s¯(x)iγ5s(0) , (9)
saα(0)s¯
b
β(x)G
ba
λτ (vx) = −
1
4
δαβ s¯(x)Gλτ (vx)s(0) − 1
4
(γµ)αβ s¯(x)γµGλτ (vx)s(0)
−1
8
(σµν)αβ s¯(x)σµνGλτ (vx)s(0)
+
1
4
(γµγ5)αβ s¯(x)γµγ5Gλτ (vx)s(0)
+
1
4
(iγ5)αβ s¯(x)iγ5Gλτ (vx)s(0) , (10)
and replace the hadronic matrix elements (such as the 〈0|s¯(x)γµγ5s(0)|φ(q)〉, etc.) with
the corresponding φ-meson light-cone distribution amplitudes, then substitute the full s
and Q quark propagators into above correlation function and complete the integral in
the coordinate space, finally integrate over the variable k, we can obtain the correlation
function Πµ(p, q) at the level of quark-gluon degree of freedom. In calculation, the two-
particle and three-particle φ-meson light-cone distribution amplitudes have been used
[28, 29, 30, 31], the explicit definitions are given in the appendix. The parameters in the
4
light-cone distribution amplitudes are scale dependent and are estimated with the QCD
sum rules [30, 31]. In this article, the energy scale µ is chosen to be µ = 1GeV.
Taking double Borel transform with respect to the variables Q21 = −p2 and Q22 = −(p+
q)2 respectively, then subtract the contributions from the high resonances and continuum
states by introducing the threshold parameter s0 (i.e. M
2n → 1Γ[n]
∫ s0
0 dss
n−1e−
s
M2 ), finally
we obtain six sum rules for the strong coupling constants g1, g2 and G3 = −
(
MΩQ +M
∗
ΩQ
)
g1
−M2φ
( g2
2 + g3
)
respectively, the explicit expressions are presented in the appendix.
3 Numerical result and discussion
The input parameters are taken as Mφ = 1.019455GeV, MΩc = 2.6952GeV, MΩ∗c =
2.7659GeV, MΩb = 6.165GeV [6], MΩ∗b = 6.06GeV, λΩc = (0.075 ± 0.01)GeV3, λΩ∗c =
(0.05 ± 0.01)GeV3, λΩb = (0.10 ± 0.01)GeV3, λΩ∗b = (0.06 ± 0.01)GeV3 [4, 13], fφ =
(0.215±0.005)GeV, f⊥φ = (0.186±0.009)GeV, a‖1 = 0.0, a⊥1 = 0.0, a‖2 = 0.18±0.08, a⊥2 =
0.14± 0.07, ζ‖3 = 0.024± 0.008, λ˜‖3 = 0.0, ω˜‖3 = −0.045± 0.015, κ‖3 = 0.0, ω‖3 = 0.09± 0.03,
λ
‖
3 = 0.0, κ
⊥
3 = 0.0, ω
⊥
3 = 0.20 ± 0.08, λ⊥3 = 0.0, ς‖4 = 0.00 ± 0.02, ω˜‖4 = −0.02 ± 0.01,
ς⊥4 = −0.01± 0.03, ς˜⊥4 = −0.03± 0.04, κ‖4 = 0.0, κ⊥4 = 0.0 [30, 31], ms = (140± 10)MeV,
mc = (1.35 ± 0.10)GeV, mb = (4.7 ± 0.1)GeV [6], 〈q¯q〉 = −(0.24 ± 0.01GeV)3, 〈s¯s〉 =
(0.8± 0.2)〈q¯q〉, 〈s¯gsσGs〉 = m20〈s¯s〉, m20 = (0.8 ± 0.2)GeV2, and 〈αsGGpi 〉 = (0.33GeV)4 at
the energy scale µ = 1GeV [26, 27, 32].
The threshold parameters and the Borel parameters are taken as s0 = (10.5±1.0)GeV2
and M2 = (2.2− 3.2)GeV2 in the charm channels, and s0 = (44.5± 1.0)GeV2 and M2 =
(5.0 − 6.0)GeV2 in the bottom channels, which are determined by the two-point QCD
sum rules to avoid possible contaminations from the high resonances and continuum states
[4, 13]. In Refs.[33, 34], Melikhov et al study the ground-state form-factor in an exactly
solvable harmonic-oscillator model to illustrate the exact effective continuum threshold for
vacuum-to-hadron correlation function is very difficult to obtain, as the effective continuum
threshold maybe depend on the Borel parameter. We show the values of the strong
coupling constants g1, g2 and G3 with variation of the threshold parameters s0 in Fig.1.
From the figure we can see that in the present case the numerical results are insensitive
to the threshold parameters.
The main uncertainties come from the six parameters λΩQ , λΩ∗Q and mQ, the varia-
tions of those parameters can lead to relatively large changes for the numerical values,
refining those parameters are of great importance. Although there are many parameters
in the light-cone distributions amplitudes [30, 31], the uncertainties originate from those
parameters are rather small.
Taking into account all the uncertainties of the relevant parameters, finally we obtain
the numerical results of the strong coupling constants g1, g2 and G3, which are shown in
Fig.2,
− g1 = 6.95+2.78−1.84GeV−1 ,
−g2 = 1.35+1.14−0.71GeV−2 ,
G3 = 25.0+10.1−6.7 , (11)
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Figure 1: The strong coupling constants g1, g2 and G3 with variation of the threshold
parameters s0, the Borel parameters are taken to be the central values; the (I) and (II)
correspond to the charm and bottom channels respectively.
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Figure 2: The strong coupling constants g1, g2 and G3 with variation of the Borel pa-
rameter M2; the (I) and (II) correspond to the charm and bottom channels respectively.
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and
− g1 = 7.63+2.80−2.00GeV−1 ,
−g2 = 0.34+0.50−0.34GeV−2 ,
G3 = 72.5+27.2−19.2 , (12)
in the charm and bottom channels respectively. In this article, we calculate the uncertain-
ties δ with the formula
δ =
√√√√∑
i
(
∂f
∂xi
)2
|xi=x¯i (xi − x¯i)2 , (13)
where the f denote strong coupling constants g1, g2 and G3, the xi denote the relevant
parameters mQ, 〈q¯q〉, 〈s¯s〉, · · · . As the partial derivatives ∂f∂xi are difficult to carry out
analytically, we take the approximation
(
∂f
∂xi
)2
(xi − x¯i)2 ≈ [f(x¯i ±∆xi)− f(x¯i)]2 in the
numerical calculations.
The light-cone QCD sum rules approaches have been applied to determine the strong
coupling constant gD∗Dpi in the strong decay D
∗+ → D0π+ both in the leading approxima-
tion [35, 36] and the next-to-leading order approximation [37]. The discrepancy between
the experimental data from the CLEO collaboration and the theoretical predictions is
rather large. The upper bound gD∗Dpi = 13.5 (gD∗Dpi = 10.5 ± 3.0 [37]) is too small to
account for the experimental data, gD∗Dpi = 17.9 ± 0.3 ± 1.9 [38, 39]. There have been
several explanations, for example, Becirevic et al take into account the contribution from
an explicit radial excitation to the hadronic spectral density to improve the value of gD∗Dpi
[40]; Kim tries to subtract the term M2e−
s0
M2 which is supposed to come from a math-
ematically spurious term and should not be a part of the final sum rules to smear the
discrepancy [41]; while Duraes et al resort to the intermediate hadronic loops to improve
the predictive ability [42]. Or the simple quark-hadron duality ansatz which works in the
one-variable dispersion relation might be too crude for the double dispersion relation [43].
Irrespective of the possible reasons, the light-cone sum rules cannot give satisfactory value
to account for the experimental data in the channel D∗+ → D0π+, while the light-cone
QCD sum rules are rather successful in calculating the strong coupling constants among
the baryons, baryons and mesons, for example, we study the strong decays ∆++ → pπ,
Σ∗ → Σπ and Σ∗ → Λπ using the light-cone QCD sum rules, and observe that the numer-
ical values of the widths are in agreement with the experimental data within uncertainties
[22, 23]. The present predictions for the values of the strong coupling constants g1, g2 and
G3 are reasonable.
The radiative decays Ω∗Q → ΩQγ can be described by the following electromagnetic
lagrangian L,
L = −eQbb¯γµbAµ − eQcc¯γµcAµ − eQss¯γµsAµ , (14)
where the Aµ is the electromagnetic field. From the lagrangian L, we can obtain the decay
8
amplitude with the assumption of the vector meson dominance,
〈ΩQ(p)γ(q)|L|Ω∗Q(p+ q)〉 = −eQsη∗µ〈ΩQ(p)|s¯γµs|Ω∗Q(p+ q)〉+ · · ·
= −eQsη∗µfφMφǫµ
i
q2 −M2φ
〈φ(q)ΩQ(p)|Ω∗Q(p+ q)〉+ · · ·
=
ieQsη
∗
αfφ
Mφ
U(p)ΓαβUβ(p + q) + · · · , (15)
where the ηµ is the polarization vector of the photon. In the heavy quark limit, the matrix
elements 〈ΩQ(p)|Q¯γµQ|Ω∗Q(p + q)〉 ∝ M
− 3
2
J/ψ(Υ) and can be neglected, so we consider only
the contribution of the intermediate φ(1020).
From the strong coupling constants g1 and g2, we can obtain the decay widths ΓΩ∗
Q
→ΩQγ ,
ΓΩ∗
Q
→ΩQγ =
α
(
M2Ω∗
Q
−M2ΩQ
)
16M3Ω∗
Q
(
Qsfφ
Mφ
)2∑
ss′
| η∗µU(p, s)ΓµνUν(p+ q, s′) |2 , (16)
the numerical values are
ΓΩ∗c→Ωcγ = 1.16
+1.12
−0.54KeV ,
ΓΩ∗
b
→Ωbγ = 0.74
+0.64
−0.34 eV . (17)
Here we take the value MΩb = 6.0544GeV from the CDF collaboration [5], if we take the
value MΩb = 6.615GeV from the D0 collaboration [3], the radiative decay Ω
∗
b → Ωbγ is
kinematically forbidden. Comparing with the values from the consitutent quark model
ΓΩ∗c→Ωcγ = 3.13KeV [44], the hyper central model ΓΩ∗c→Ωcγ = 0.79KeV [44], and the non-
relativistic potential model ΓΩ∗c→Ωcγ = 0.36KeV [45], the present prediction ΓΩ∗c→Ωcγ =
1.16+1.12−0.54KeV is rather good, though the uncertainty is somewhat large.
4 Conclusion
In this article, we parameterize the vertexes Ω∗QΩQφ with three tensor structures due
to Lorentz invariance, study the corresponding three strong coupling constants with the
light-cone QCD sum rules, then assume the vector meson dominance of the intermediate
φ(1020) as the contributions from the J/ψ and Υ are negligible in the heavy quark limit,
and calculate the radiative decay widths ΓΩ∗
Q
→ΩQγ . The predictions can be compared with
the experimental data in the future. The strong coupling constants in the vertexes Ω∗QΩQφ
are basic parameters in describing the interactions among the heavy baryon states, once
reasonable values are obtained, we can use them to perform phenomenological analysis.
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Appendix
The light-cone distribution amplitudes of the φ(1020) meson are defined by [28, 29, 30, 31],
〈0|s¯(x)γµs(0)|φ(q)〉 = qµ ǫ · x
q · xfφMφ
∫ 1
0
due−iu¯q·x
[
φ‖(u) +
M2φx
2
16
A(u)
]
+
[
ǫµ − qµ ǫ · x
q · x
]
fφMφ
∫ 1
0
due−iu¯q·xg
(v)
⊥ (u)
−1
2
xµ
ǫ · x
(q · x)2 fφM
3
φ
∫ 1
0
due−iu¯q·xC(u) ,
〈0|s¯(x)σµνs(0)|φ(q)〉 = [ǫµqν − ǫνqµ] if⊥φ
∫ 1
0
due−iu¯q·x
[
φ⊥(u) +
M2φx
2
16
A⊥(u)
]
+ [qµxν − qνxµ] ǫ · x
(q · x)2 if
⊥
φ M
2
φ
∫ 1
0
due−iu¯q·xB⊥(u)
+
ǫµxν − ǫνxµ
2q · x if
⊥
φ M
2
φ
∫ 1
0
due−iu¯q·xC⊥(u) ,
〈0|s¯(x)γµγ5s(0)|φ(q)〉 = −1
4
ǫµναβǫ
νqαxβ f˜φMφ
∫ 1
0
due−iu¯q·xg
(a)
⊥ (u) ,
〈0|s¯(x)s(0)|φ(q)〉 = − i
2
ǫ · xf˜⊥φ M2φ
∫ 1
0
due−iu¯q·xh
(s)
‖ (u) , (18)
〈0|s¯(x)γαγ5G˜µν(vx)s(0)|φ(q)〉 = qα [ǫµqν − ǫνqµ] fφMφ
∫
Dαe−i(αs¯+vαg)q·xA(αi) ,
〈0|s¯(x)iγαGµν(vx)s(0)|φ(q)〉 = qα [ǫµqν − ǫνqµ] fφMφ
∫
Dαe−i(αs¯+vαg)q·xV(αi) ,
〈0|s¯(x)iγ5G˜µν(vx)s(0)|φ(q)〉 = [ǫµqν − ǫνqµ] if⊥φ M2φ
∫
Dαe−i(αs¯+vαg)q·xS˜(αi) ,
〈0|s¯(x)Gµν(vx)s(0)|φ(q)〉 = [ǫµqν − ǫνqµ] if⊥φ M2φ
∫
Dαe−i(αs¯+vαg)q·xS(αi) ,
〈0|s¯(x)σαβGµν(vx)s(0)|φ(q)〉 = [qαqµgβν − qβqµgαν − qαqνgβµ + qβqνgαµ]
f⊥φ M
2
φ
ǫ · x
2q · x
∫
Dαe−i(αs¯+vαg)q·xT (αi) , (19)
where
C(u) = g3(u) + φ‖(u)− 2g(v)⊥
B⊥(u) = h
(t)
‖ (u)−
1
2
φ⊥(u)− 1
2
h3(u)
C⊥(u) = h3(u)− φ⊥(u)∫
Dα =
∫ 1
0
dαs¯dαsdαgδ(αs¯ + αs + αg − 1) , (20)
u¯ = 1 − u, f˜φ = fφ − f⊥φ 2msMφ , f˜⊥φ = f⊥φ − fφ
2ms
Mφ
, the lengthy expressions of the light-cone
distribution amplitudes φ‖(u), φ⊥(u), A(u), A⊥(u), g
(v)
⊥ (u), g
(a)
⊥ (u), h
(s)
‖ (u), h
(t)
‖ (u), h3(u),
10
g3(u), A(αi), S(αi), S˜(αi), T (αi), V(αi) can be found in Refs. [30, 31].
The six sum rules for the strong coupling constants g1, g2 and G3,
g1 =
1
λΩQλΩ∗Q
(
MΩQ +MΩ∗Q
) expM2ΩQ +M2Ω∗Q − 2u0(1− u0)M2φ
2M2{
−u0fφMφg
(v)
⊥ (1− u0)
2π2
M4E1(x)
∫ 1
0
dtt(1− t)e−
m˜2
Q
M2
+
u0m
2
QfφMφg
(v)
⊥ (1− u0)
36M2
〈αsGG
π
〉
∫ 1
0
dt
1− t
t2
e−
m˜2
Q
M2
−msf
⊥
φ φ⊥(1− u0)
2π2
M4E1(x)
∫ 1
0
dtte−
m˜2Q
M2
+
msm
2
Qf
⊥
φ φ⊥(1− u0)
36M2
〈αsGG
π
〉
∫ 1
0
dt
1
t2
e−
m˜2
Q
M2
+
u0msf
⊥
φ M
2
φC˜⊥(1− u0)
2π2
M2E0(x)
∫ 1
0
dtte−
m˜2
Q
M2
−u0msm
2
Qf
⊥
φ M
2
φC˜⊥(1− u0)
36M4
〈αsGG
π
〉
∫ 1
0
dt
1
t2
e−
m˜2
Q
M2
−u0f˜φMφ
8π2
M4E1(x)
d
du0
g
(a)
⊥ (1− u0)
∫ 1
0
dtt(1− t)e−
m˜2Q
M2
+
u0m
2
Qf˜φMφ
144M2
〈αsGG
π
〉 d
du0
g
(a)
⊥ (1− u0)
∫ 1
0
dt
1− t
t2
e−
m˜2
Q
M2
− f˜φMφg
(a)
⊥ (1− u0)
4π2
M4E1(x)
∫ 1
0
dtte−
m˜2
Q
M2
+
m2Qf˜φMφg
(a)
⊥ (1− u0)
72M2
〈αsGG
π
〉
∫ 1
0
dt
1
t2
e−
m˜2
Q
M2
+
u0fφM
3
φ
4π2
M2E0(x)
∫ 1
0
dtt
∫ u0
0
dαs¯
∫ 1−αs¯
u0−αs¯
dαg
(1− 2v)A(αi) + V(αi)
αg
e−
m˜2Q
M2
+
fφMφ
4π2
M4E1(x)
∫ 1
0
dtt
d
du0
∫ u0
0
dαs¯
∫ 1−αs¯
u0−αs¯
dαg(1− v)A(αi) + V(αi)
αg
e−
m˜2Q
M2
}
11
+
1
λΩQλΩ∗Q
(
MΩQ +MΩ∗Q
) expM2ΩQ +M2Ω∗Q − 2m2Q − 2u0(1− u0)M2φ
2M2{
−u0ms〈s¯s〉fφMφg
(v)
⊥ (1− u0)
3
− 2〈s¯s〉f
⊥
φ M
2
φC˜⊥(1− u0)
3
+
u0ms〈s¯gsσGs〉fφMφg(v)⊥ (1− u0)
18M2
(
1 +
m2Q
M2
)
+
2〈s¯s〉f⊥φ φ⊥(1− u0)
3
M2E0(x)−
〈s¯gsσGs〉f⊥φ φ⊥(1− u0)
6
(
1 +
m2Q
M2
)
+
m4Qf
⊥
φ M
2
φ〈s¯gsσGs〉A⊥(1− u0)
24M6
+
msf
⊥
φ M
2
φA⊥(1− u0)
8π2
M2E0(x)
−〈s¯s〉f
⊥
φ M
2
φA⊥(1− u0)
6
(
1 +
m2Q
M2
)
+
u0〈s¯gsσGs〉f⊥φ M2φC˜⊥(1− u0)
6M2
(
1 +
m2Q
M2
)
−ms〈s¯s〉f˜φMφg
(a)
⊥ (1− u0)
6
(
1 +
m2Q
M2
)
− u0ms〈s¯s〉f˜φMφ
12
d
du0
g
(a)
⊥ (1− u0)
}
, (21)
g2 =
1
λΩQλΩ∗Q
exp
M2ΩQ +M
2
Ω∗
Q
− 2u0(1− u0)M2φ
2M2u0fφMφ
[
φ˜‖(1− u0)− g˜(v)⊥ (1 − u0)
]
π2
M2E0(x)
∫ 1
0
dtt(1− t)e−
m˜2
Q
M2
−
u0m
2
QfφMφ
[
φ˜‖(1− u0)− g˜(v)⊥ (1− u0)
]
18M4
〈αsGG
π
〉
∫ 1
0
dt
1− t
t2
e−
m˜2Q
M2
−u0fφM
3
φA˜(1− u0)
4π2
∫ 1
0
dtte−
m˜2
Q
M2 +
u0m
2
QfφM
3
φA˜(1− u0)
72M6
〈αsGG
π
〉
∫ 1
0
dt
1
t2
e−
m˜2
Q
M2
−2u0msf
⊥
φ M
2
φ
˜˜
B⊥(1− u0)
π2
∫ 1
0
dtte−
m˜2
Q
M2
+
u0msm
2
Qf
⊥
φ M
2
φ
˜˜
B⊥(1− u0)
9M6
〈αsGG
π
〉
∫ 1
0
dt
1
t2
e−
m˜2Q
M2
−u0f˜φMφ
4π2
M2E0(x)g
(a)
⊥ (1− u0)
∫ 1
0
dtt(1− t)e−
m˜2
Q
M2
+
u0m
2
Qf˜φMφ
72M4
〈αsGG
π
〉g(a)⊥ (1− u0)
∫ 1
0
dt
1− t
t2
e−
m˜2Q
M2
+
fφMφ
2π2
M2E0(x)
∫ 1
0
dtt
∫ u0
0
dαs¯
∫ 1−αs¯
u0−αs¯
dαg
A(αi) + (1− 2v)V(αi)
αg
e−
m˜2
Q
M2
}
12
+
1
λΩQλΩ∗Q
exp
M2ΩQ +M
2
Ω∗
Q
− 2m2Q − 2u0(1− u0)M2φ
2M22u0ms〈s¯s〉fφMφ
[
φ˜‖(1− u0)− g˜(v)⊥ (1− u0)
]
3M2
−u0ms〈s¯s〉fφM
3
φA˜(1− u0)
6M4
(
1 +
m2Q
M2
)
−
u0ms〈s¯gsσGs〉fφMφ
[
φ˜‖(1− u0)− g˜(v)⊥ (1− u0)
]
9M4
(
1 +
m2Q
M2
)
+
8u0〈s¯s〉f⊥φ M2φ ˜˜B⊥(1− u0)
3M2
− 2u0〈s¯gsσGs〉f
⊥
φ M
2
φ
˜˜
B⊥(1− u0)
3M4
(
1 +
m2Q
M2
)
−u0ms〈s¯s〉f˜φMφg
(a)
⊥ (1− u0)
6M2
}
, (22)
13
G3 =
1
λΩQλΩ∗Q
exp
M2ΩQ +M
2
Ω∗
Q
− 2u0(1− u0)M2φ
2M2fφMφ
[
φ˜‖(1− u0)− g˜(v)⊥ (1− u0)
]
2π2
M4E1(x)
∫ 1
0
dtt(1− t)e−
m˜2
Q
M2
−
m2QfφMφ
[
φ˜‖(1− u0)− g˜(v)⊥ (1− u0)
]
36M2
〈αsGG
π
〉
∫ 1
0
dt
1− t
t2
e−
m˜2
Q
M2
−fφM
3
φA˜(1− u0)
8π2
M2E0(x)
∫ 1
0
dtte−
m˜2
Q
M2
+
m2QfφM
3
φA˜(1− u0)
144M4
〈αsGG
π
〉
∫ 1
0
dt
1
t2
e−
m˜2
Q
M2
+
msf
⊥
φ φ⊥(1− u0)
2π2
M4E1(x)
∫ 1
0
dtte−
m˜2
Q
M2
−msm
2
Qf
⊥
φ φ⊥(1− u0)
36M2
〈αsGG
π
〉
∫ 1
0
dt
1
t2
e−
m˜2Q
M2
−msf
⊥
φ M
2
φ
˜˜
B⊥(1− u0)
π2
M2E0(x)
∫ 1
0
dtte−
m˜2Q
M2
+
msm
2
Qf
⊥
φ M
2
φ
˜˜
B⊥(1− u0)
18M4
〈αsGG
π
〉
∫ 1
0
dt
1
t2
e−
m˜2
Q
M2
+
f˜φMφ
8π2
M4E1(x)g
(a)
⊥ (1− u0)
∫ 1
0
dtt(1 + t)e−
m˜2
Q
M2
−m
2
Qf˜φMφ
144M2
〈αsGG
π
〉g(a)⊥ (1− u0)
∫ 1
0
dt
1 + t
t2
e−
m˜2
Q
M2
−u0fφM
3
φ
2π2
M2E0(x)
∫ 1
0
dtt
∫ u0
0
dαs¯
∫ 1−αs¯
u0−αs¯
dαgv
A(αi)− V(αi)
αg
e−
m˜2
Q
M2
}
14
+
1
λΩQλΩ∗Q
exp
M2ΩQ +M
2
Ω∗
Q
− 2m2Q − 2u0(1− u0)M2φ
2M2ms〈s¯s〉fφMφ
[
φ˜‖(1− u0)− g˜(v)⊥ (1− u0)
]
3
−ms〈s¯s〉fφM
3
φA˜(1− u0)
12M2
(
1 +
m2Q
M2
)
−
ms〈s¯gsσGs〉fφMφ
[
φ˜‖(1− u0)− g˜(v)⊥ (1− u0)
]
18M2
(
1 +
m2Q
M2
)
−2〈s¯s〉f
⊥
φ φ⊥(1− u0)
3
M2E0(x) +
〈s¯gsσGs〉f⊥φ φ⊥(1− u0)
6
(
1 +
m2Q
M2
)
−m
4
Qf
⊥
φ M
2
φ〈s¯gsσGs〉A⊥(1− u0)
24M6
− msf
⊥
φ M
2
φA⊥(1− u0)
8π2
M2E0(x)
+
〈s¯s〉f⊥φ M2φA⊥(1− u0)
6
(
1 +
m2Q
M2
)
+
4〈s¯s〉f⊥φ M2φ ˜˜B⊥(1− u0)
3
−〈s¯gsσGs〉f
⊥
φ M
2
φ
˜˜
B⊥(1− u0)
3M2
(
1 +
m2Q
M2
)
+
ms〈s¯s〉f˜φMφg(a)⊥ (1− u0)
12
(
1 +
2m2Q
M2
)}
, (23)
where M21 = M
2
2 = 2M
2 and u0 =
M21
M21+M
2
2
= 12 as
M2
Ω∗
Q
M2
Ω∗
Q
+M2
ΩQ
≈ 12 , v = u0−αs¯αg , m˜2Q =
m2
Q
t ,
En(x) = 1−(1+x+ x22! + · · ·+ x
n
n! )e
−x, x = s0M2 , and
˜˜
f(1−u0) =
∫ u0
0 du
∫ u
0 dtf(1− t), f˜(1−
u0) =
∫ u0
0 duf(1 − u), the f(u) denote the light-cone distribution amplitudes. For some
technical details concerning the three particle φ-meson light-cone distribution amplitudes,
one can consult Ref.[46].
References
[1] B. Aubert et al, Phys. Rev. Lett. 97 (2006) 232001.
[2] J. L. Rosner, Phys. Rev. D52 (1995) 6461.
[3] V. Abazov et al, Phys. Rev. Lett. 101 (2008) 232002.
[4] Z. G. Wang, Eur. Phys. J. C61 (2009) 321.
[5] T. Aaltonen et al, Phys. Rev. D80 (2009) 072003.
[6] C. Amsler et al, Phys. Lett. B667 (2008) 1.
15
[7] J. G. Koerner, D. Pirjol and M. Kraemer, Prog. Part. Nucl. Phys. 33 (1994) 787.
[8] F. Hussain, G. Thompson and J. G. Koerner, hep-ph/9311309.
[9] I. I. Balitsky, V. M. Braun and A. V. Kolesnichenko, Nucl. Phys. B312 (1989) 509.
[10] V. L. Chernyak and A. R. Zhitnitsky, Phys. Rept. 112 (1984) 173.
[11] P. Colangelo and A. Khodjamirian, hep-ph/0010175.
[12] Z. G. Wang, Phys. Rev. D75 (2007) 034013.
[13] Z. G. Wang, Eur. Phys. J. C54 (2008) 231.
[14] J. R. Zhang and M. Q. Huang, Phys. Rev. D78 (2008) 094015.
[15] M. Albuquerque, S. Narison and M. Nielsen, arXiv:0904.3717.
[16] T. M. Aliev, K. Azizi and A. Ozpineci, Phys. Rev. D79 (2009) 056005.
[17] S. L. Zhu, Phys. Rev. C59 (1999) 435.
[18] Z. G. Wang, Phys. Rev. D75 (2007) 054020.
[19] T. M. Aliev, A. Ozpineci, M. Savci and V. S. Zamiralov, Phys. Rev. D80 (2009)
016010.
[20] T. M. Aliev, A. Ozpineci, S. B. Yakovlev and V. Zamiralov, Phys. Rev. D74 (2006)
116001.
[21] T. M. Aliev, K. Azizi, A. Ozpineci and M. Savci, arXiv:0908.0259.
[22] Z. G. Wang, Eur. Phys. J. C57 (2008) 711.
[23] Z. G. Wang, Eur. Phys. J. C61 (2009) 299.
[24] G. Erkol, R. G. E. Timmermans and T. A. Rijken, Phys. Rev. C74 (2006) 045201.
[25] H. F. Jones and M. D. Scadron, Ann. Phys. 81 (1973) 1.
[26] M. A. Shifman, A. I. Vainshtein and V. I. Zakharov, Nucl. Phys. B147 (1979) 385,
448.
[27] L. J. Reinders, H. Rubinstein and S. Yazaki, Phys. Rept. 127 (1985) 1.
[28] P. Ball, V. M. Braun, Y. Koike and K. Tanaka, Nucl. Phys. B529 (1998) 323.
[29] P. Ball and V. M. Braun, Nucl. Phys. B543 (1999) 201.
[30] P. Ball and M. Boglione, Phys. Rev. D68 (2003) 094006.
[31] P. Ball, V. M. Braun and A. Lenz, JHEP 0708 (2007) 090.
[32] B. L. Ioffe, Prog. Part. Nucl. Phys. 56 (2006) 232.
16
[33] D. Melikhov, Phys. Lett. B671 (2009) 450.
[34] W. Lucha, D. Melikhov, H. Sazdjian and S. Simula, Phys. Rev. D80 (2009) 114028.
[35] V. M. Belyaev, V. M. Braun, A. Khodjamirian and R. Ruckl, Phys. Rev. D51 (1995)
6177.
[36] P. Colangelo and F. De Fazio, Eur. Phys. J. C4, 503 (1998).
[37] A. Khodjamirian, R. Ruckl, S. Weinzierl and O. I. Yakovlev, Phys. Lett. B457 (1999)
245.
[38] S. Ahmed et al, Phys. Rev. Lett. 87, 251801 (2001).
[39] A. Anastassov et al, Phys. Rev. D65, 032003 (2002).
[40] D. Becirevic, J. Charles, A. LeYaouanc, L. Oliver, O. Pene and J. C. Raynal, JHEP
0301 (2003) 009.
[41] H. Kim, J. Korean Phys. Soc. 42 (2003) 475.
[42] F. O. Duraes, F. S. Navarra, M. Nielsen and M. R. Robilotta, Braz. J. Phys. 36
(2006) 1232.
[43] A. Khodjamirian, AIP Conf. Proc. 602 (2001) 194.
[44] A. Majethiya, B. Patel and P. C. Vinodkumar, Eur. Phys. J. A42 (2009) 213.
[45] J. Dey, M. Dey, V. Shevchenko and P. Volkovitsky, Phys. Lett. B337 (1994) 185.
[46] Z. G. Wang, J. Phys. G34 (2007) 753.
17
